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AN INVESTIGATION OF VALVE-OVERLAP SCAVENGING OVER
A WIDE RANGE OF INIET AND EXHAUST PRESSURES

By John W. R. Creagh, Melvin J. Hartmann
and W. Lewls Arthur, Jr.

SUMMARY

&An investigatlon was conducted to determine the effect on the
performence of a two~valve alr~cooled aircraft cylinder of increas=
ing the valve overlep fram the conventional value of 40° %o 130°,
Direct cylinder iInjJection of fuel was used throyghout the investi-
gatlon, whlch covered a rangs of inlet and exhaust pressures ab
engine speedg of 2000, 250C, and 2800 rpm. During scme of the runs
with 130° valve overlsp, a ges-sempling valve was installed in the
cylinder head tc determine the combusition fusl-aly ratio.

With the 130° valve overlap, mnearly complete clearance-volume
gcavenging was obtained with a consequent increase in power outputb
of approximately 20 percent over that obtgined with no scavenging.
Scavengling without Joas Of fresh charge wes confingd to a narrow
.renge of exhavet~to-inlet-pressure ratlos, especially ab the lower
engine speeds. ' Gas samples taken from the cylinder head during
the combustion process showed that, when complete clearance-volume
scavenszing was obtained, approyimately 50 percent of the increased
chaerge~air Tlow was wasted in the. scavenging process. Desplite the
increased power oubput with the 130° valve overlap, the cooling
effect of the scavenging sir was spfficlent t¢ prevent any increase
in the exhaust-valve-seat temperature and decreased the exhaust-
valve~-guide temperature asg much ag 509 F,

INTRODUCTION ' - -

The uee of large valve overlap for scavenging and charging
the cylinders of a supercherged engine hus been shown to be an
effective means of increasing the power, Sochey and Young (refer-
ence 1) have shown that for low-speed operation with a four-valve
cylinder practically all the ideal increase in power obtainsble
with complete scavenging was realized with a valve overlap of 1120,
"Blightly longer periods of overlsp wers used in the investigation
of reference 2 to obtain comparsble scavenging &t intermediate
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speeds and it was shown that scavenging & two-valve cambustion
chamber was more difficult than scavenging a Ffour-valve cheamber.
The difference was attributed to air flowing directly from the
inlet port to the exhaust port of the two-valve cylinder withoutbt
completely sweeping the residual gases from the combustion chamber,
This cendition may be aggravated if a low-turbulence condition
exists, .

Valve-overlap scavenging in combination with direct fuel
injection end an exhaust turhbine is considered a good method of
increasling the net powsr of an engine. Withln a limited range of
altituds, valve~overlap scavenging is benefiéial without the use
, of an exhaust turbine. Although the general vexrformance effecta
.. of . velve-overlap scavenging have been known, the actual performance
characteristios over & wide range of exhauat-to inlet-pressure
ratlos have been tneveilahle.

An investlgatlon.was made at the NACA ‘Cleveland l&boratory to
determlne, for a two-valve’ air-cooled alrcr-ft cylinder, the effects
of large valve overlap on performance over a wide range of exhaust
and inlet-manifold pressures. The single-cylinder engine performance

' combination of ‘engine, supercharger, and exhaust turbine. The valve
overlap uged . in hisg inyestigntion, which was selected. from refer-
‘ences 1 and 2, was 130°, - Comparetive parformance was obtained with
" 40° overlap, which is standard timing for the engine from which the
cylinder was taken, The performance of the engine with the two
valve timings was compared over a range of exhaust-tor-inlet-pressure
ratios from spproximately 0.1 to 1.3 at engine speeds of 200Q, 2500,
and 2800 ypim. During part of the investigation with 1300 overlap,_
the .combustion fuel-air ratio was determined from gee samples
obtained through a sampling valve installed in the cylinder hsad.
From these data, the rolative magiitudes of charge alr burned and
cherge alr wasted or lost through the exhaust valve during the
socavenglng process could be detormined. The Intsrmnal-cooling effect
of largs scavenging air flow was meesured by comparing dats on
internal cylinder temperatures for similar opersting conditions with
both valve timings at a consgtant rear-spark-plug-gesket temperature.

APPARATUS AMD THSTRUMENTATION

Engine., - This investigation wae conducted on a single-cylinder
. englne consisting of a two-yalve, alr-cooled, aircratft Qxlinder o
mounted on a CUE crankcase. A schematic diagrmm of the sctup 1s

shown in figure 1, The cylinder hed a bore of 6— inches and e 8troke
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of 6% inches with a measured compression ratio of 6.1. An NACA
balenced-diaphragm torque indicator (reference 3) was used to
measure the power absorbed or delivered by = 300-horsepover
dynemometer. The speed of the dyn~mometer was controlled by an
electronic device. Engine speed was measured by =n electricaelly
interconnected stop watch and revolution counter. The spark tﬁm_ng
was set at 20° B.T.C. The over-all accuracy of the instrumentetion
was estimated to bs betwesen 1.0 and 1.5 percent

Valve timing. - Standard valve timing for the c¢ylinder pro-

duced 400 valve overlap. Because increasing-the valve~overlap
period to 130° without changing the inlet-closing and the oxhaust-
opening periods was desired, a set of cams wes constructed by
inserting suiteble dwells at the maximum 1if% portion of the
4OCP-overlap cam profiles, thereby meintaining the same rate of
valve travel and maximum valve 1ift for both sets of camg. The
two valve timings were;

Val§e~overlap cams
wf | 130°

Inlet opens 22° B.7.C.| 66° B.T.C.

Inlet closes [4LEC A.B.C.[46° A.B.C.
Exhaust opens |{80° B.B.C.|860° B.B.C.
Exheust closes {18° A.T.C.|64° A.T.C.

Fuel system. - A sketch of the high-pressure part of the fuel
system is shown in figure 2. Fuel was supplled from a single- -
cylinder high-speed pump that held the stert of injectlion congtant
and allowed the end of injection to vary with fuel flow. The Tuel
was directly inJeoted into the cylinder with s spring-loadsd Doz~
zle at a pressure of 4CO pounds per square inch. The nozzle was
located between the frent spark plug and ths inlet valve and
sprayed fuel across the path of the jncoming cherge air. The
fuel used throughout the procedure was 100-octane gasoline and
wes meesured with a 200 pound-per-hour rotameter calibrated for
this fuel.

Cooling-air system. - A stesel duct encased the cylindér and
a set of standard baffles directed the cooling alr around the -
cylindeyr. The baffles were extended to seal the sides, the top,
and the bottom of the steel duct, as shown in figure 2. The
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cooling alr was taken from the leborebory cocling-air system,
brought to the front of the stesl duct through a 16-inch pipe,
removed from the rear of the duet through a Simllar pipe And
djschalged to the atmosphers.

Charge-alr and exhaust systems. - Charge ajr was supplied .
from the laboratory combustion-air system through a pressure- -
control vdlve and a set—of electrical alr heaters to a surge tunk
of about lO-ocubic~feet capaclty, which dempensd pulsationg in the -
eystem. 'The inlet pipe and the surge tank (fig. 2) wers insulated
to prevent excessive heat loeses. The inlet-manifold-pressuwre tap
wag located In-the surgé tank, Charge-alr weight was measured
with a 1.5-inch thin-plate orifice in a pipe of 4,02-inch ingide
diameter located betwsen the pressure-control valve and the alr
heater, All measuremenis were ‘taken to camply with A.8.M.E. orif;ce
practice for a thin-plate orifice and flange pressure taps.

As shown 1n flgure 1, the exhaust gases from the engine flowed
into a 4-cublc<Ffoot muifler. Fran the muffler, the exhuust gases
flowed inio a coolling tenk of about 5-cubic-feet capacity and then
to the laboratory exhaust systems. The pressure in the exhevst
gystem was messured near the tank. Cooling water was sprayed into
the oxhaust pipe about 28 inches downatraam of'the cyllnder exheust

flange. - - . . o e S =TT E;-

) ™ - . - < -

Gag-gampling equipmsnt. - In order to determine the actual

operating fuel-alr ratio for some of the yuns with the 130° valve
overlap, exhaust-gas samples were taken from the combustion ch-m-~
ber with an electrically opersted sempling velve. The sampling
olement was fltted with electrodes and served both as a front spark
Plug and as a sampling valve, The valve in its normsl position wuse
held cloged by a spring and was opened by a magnebtic coil that
obtalned current from a condenser. The condenser was discharged
by a set of contact points that were Tlitted with a vernier adjust-
ment to compensate for speed. The valve was set to open at 105° A.T.C.
on the power stroke and was estimated to stay open for crenk travsl
of 2° to 3°, depending on the engine speed. The gas eemples were
passed through an oxidizing furnace and then enalyzed in =n Orsat
apparatus according to the method of reference 4.

Temporature measurements, - Probe~type thermocouples were used
Yo meagure the oil and charge-sir temperatures. Temperagtures of
the exbhaust-valve guide and seat wers measured by a thermccouple
inserted in each of these parts. The temperature under the rear
spark plug was measured with a gasket-type thermocouple. ALl
temperatures were read on a self-halancing potenticmeter.
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METHODS AND FROCEIURE

Preliminary investigatiouns. - The fuel pump was timed to start
injecting fuel into the cylinder at 70° A.D,C. in accordance with
the results of reference 2. The timing was visually set through the
use of a strobosoopic light. Investigabions were made over a range
of engine spesd and fuel flow, for which the start of injection did
not very more then #5 crank degrees throughout. This accuracy wes
considered satisfactory because the engine performance was insensi-
tive to slight changes in injection timing in this part of the cycle.

The eccuracy of the exhaust-ges sampling valve yas determined
by operating the engine with the LoP-averlap Cams at equal inlet-
manifold and exhapust pressures over a rsnge of fuel-silr ratlios at
an engine speed of 200Q rpm, The results of the investigation are
shown in figure 3 where the fuel-air ratios determined from the
measured gusntities of charge-air and fuel flow are corpared with
the fuel-alr ratios determined from the exhaust-gas sampling valve.
Close agresment between the two methdds of determining the fuel-alr
ratlio was obtained.  The percentage change in Indicated mean
effectlve pregsure from the maximum obtained as the fuel-alr ratio
was variled from approximetely 0.05 to 0.105 is also shown in
Tigure 3. Meximum indicated mean effective pressure was obtained

.at a fuel-air ratlio of 0.08; the percentage change in power with
an incrementsl change in fuel-sir ratio was much emaller on the
rich side of 0.08 than on the lean side.

“With standerd valve timing, the overlep period was assumed
to be so small that no fresh chargs air wowld be lost through the
exhavat valve under any of the operating conditions of the program.
In order %o prove this assumption, an Jnvestigation was conducted
in which the inlet-msnifold pressure and temperature, the engine
specd, anl the fuel-elr ratio were held constant at 35 inches of
merdéury -ebsolute, 20C° F, 2000 rpm, and 0.09, respectively, end
the exhsust pressure was varisd from approzimetely inlet-manifold
pressure to a value considerably below it. The gas-saupling valve
wvas used to determine the cowmbustlon fuel-alr ratio, and because
the fuel was injected after the exhaust valve closged, any loss in
charge &ir would be indicated by a difference between the fuel-air
ratios determined from the mesasured inteke of fuel and air and
from the ges-gampling valve. The following teble shows the results
of the investigation: ' : '
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Exhaust pregsure | Fuel-air ratio,] Fuel-air ratio,
Inlet pressure messured intake| exhaust-gas
Peﬁﬁn sampling valve
1.077 0.0915 0.0912
.99k . 0909 . 0902
811 . 0909 .0906
.759 . 0906 ~.0910
et . 0906 . 0916
243 L0906 - L0915

These data show that a negligible amount of charge air was lost
inasmuch as the two methods of measuripng fuel-air ratio indicate
nearly the same values. It was therefore considered safe to

eliminate the use of the gas-sempling valve during operation with
the LO° overlap. ' S

Perlormance investligetions. - The engine was operated at speeds
of 2000 and 2500 rpm with inlet-manifold pressures of 25, 35, and
45 inches of mercury ebsolute and at 2800 rpm with inlet-manifold
pressures of 30 and 40 inches of mercury sbsolute. At each engine
speed and inlet -menifold pressure, the exhaust pressure was varied
over & wlde range for both the hoé and 130° valve-overlap timings.
All investigations were run wilth a rear-sgpark-plug-gasket tempera=—
ture of LOO° F end a cherge-alr temperature of 200° F. The friction
horsepower was obtained by motoring the engine at the game inlet-
manifold pressure, exhaust pressure, and speed as the power runs.

Because 1t was shown in the preliminsry investigatlions that
no charge air was lost through the exhsust valve with 40Q° valve
overlap,-the ratio of fuel flow to charge-alr flow was considered
ag the combustion fuel-air ratio and was held constant at a value
of 0.09. During those runs with the 130° aoverlap in which the
fuel-alr ratio was not—determined by using the gas-sampling velve,
the fuel.:flow was set by masintaining the same indicated specific
fuel consumption as had heen previously obtained wmder the same
conditions with the 40° overlap valve timing. Occasional checks
with the_ gas-gampling valve’showed that this method of setting tho
fuel flow was sufficiently accurate to warrant its use for mixture
gsettlng and also saved considerable time. In operation with
exhaust presgures higher than inlet pressures, the fuel-air ratio
with the 130° valve overlap timing could, of course, be determined
from the measured inlet values because no charge alr was wasted.
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RESULTS AND DISCUSSION

General performance characteristics. = The curves of Pigure L
show the effect on indicated mean effettive pressure and charge-
air flow of varying the ratio of ‘exhaust absolute to inlet absolite
pressure Pg /Py, for both 40° and 130° valve overleps. A much
greater variation in both indicated mean effective pressure and
charge-air flow Wwas obtained with the 130° overlap, When the
sxhaust pressure was lower than the inlet pressure, the increase
in indicated mean effective pressure with the 130° overlap was
largely dus to the action of the scavenging air in swesping the.
regidual gases from the clearsnce volume of the cylinder. The
increase in charges-air flow wag due both to the increased alr
burned in the clearsence space a8 & result of scavenglng and to
ailr loat through the exhaust valve during the scavenging process.
As the exhsugt pressure incressed sbova the valus of inlet pres--
sure, the charge-alr flow and indicated mean pffectlive pressure
raepidly decreased owing to the prosence of excesslve exhaust gas
in the eylinder resulting from reversal cf flow through the ethaust :
valve., The caomparatively small change in both indiceted mean - :
effective pressure and charge-air flow with LO° valve overlap can
be abtribuked to the expansion or compression of the residual gases
in the clearance volume of the cylinder resulting when the exhaust
pressures sre higher or lower than the inlet preassure.

The following table shows the maximm percentage increase in
indicated mesn effective pressure with an increase in the valve
overlsp obtalined at any value of Pe /p over the range of englns
gpeeds and manifold presgsures covered %y this investlgation.

Engine|Inlet Bxhaust pressure, imsp o Imep boP Increase
gpeed {manifold with 130%{with 40~ in imep
(¥onm)  Ipressure Tnlet ,ﬁressure valve valve  |with 130°
(in. Hg Pe /Py {overlap . |overlap |valve over-
- abs. ) ' {(Ib/sq (1b/sq [lap (percent)
in.) in.)
2000 25 0.77 lh3.5 24,5 15.3
2000 | 35 ST 20L.0 176.5 13.9
2000 b5 .70 264.0 232.0 13.8
2500 25 .70 138.5 118,5 16.9°
2500 35 75 161.0 169.0 13.0°
2500 hs 15 24k7.0 220.5 12.0
2800 30 .82 - 155.0 136.0 14,0
2800 Lo .75 . 206.5 184.0 l2.2
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The valus of Pefﬁm at which the meximum percentage increase in
indicated mean effective pressure occurred in the preceding table
need not and.sometimes does not coincide .with the valus of Pe/ﬂn
corresponding to maximum power output with 130° valve overlap
because in thils range of pe/pm, the indicatod mean effective
Pressure was increasing with decréasing D, /p, for both the QP
and. 1309_pverlaps. The increasged indicated mean effeoctive pressure
shown in this table is that obtainocd with the increased scavenging
effect. of the higher valve overlap. Nearly ell the maximum percent-
age inoreases in power were obtalned at values of Pofgm “between
0.70 and approximately 0.80, irrespective of engine speed or
nanifold pressure. . ) . o .

Because other investigetions have exrerienced more difficulity
in scavenging two-valve cylindere than the several other types
inveatigated, it is interesting to determins whether complete scav-
enging was obtalned, As mentioned in reference 1, the theoretical
ratio of power with complete clearance-volume scavengling to power
with no scavenging is r/fr-1, where r 1is the compreseion ratio.
Owing to probuble inertia effects, the powar curves of figure 4 do

;. not intersect when the exhaust and inlet pressuree are equal. The
indicated mean effsctive pressure value et which no clearance-volume
scavenging ocgurred probably should .be taken as the point on the
k0O -overlap, curves corresponding to pg/p, value of 1.0. The fol-
lowlng teble shows the ratlo of maximum power with 130° overlap to
power with no clesarance-volume scavenging, the point with no
claarance-volume gcevenging being taken as the. lndicated mean,
effective pressure with 40C overlap at equal exhaust and inlet
Pressures:; . . _ _

Engine| Tnlet 1mep Po /P | imep Power .
speed |pressure{ (1b/sg in.)| - {1b /eq in.) ratio
(rpm) | (in. ?g 130° velve overiap |40 valve overlapt
absg.,
2000-| 25  1ky 0.72 121 1.19
2000 35 - 201" . ST 172 1.17
2000 h5 . 264 ' 67 226 1.17
250C 25 ' 139 .56 | 115 l.21
2500 35 192 68} 161 1,19
2500 |- 45 . 2hg 65 | 20k 1.22
2800 3¢ ' 155 .80 132 117
2800 | k4o 208 TR | 177 1.17

®for LO° valve overlap, v /P, 1s 1.0.

i
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Because the compression ratio was 6.1, the theoretical ratio of
indicated mean effective pressure with complete clearance~-volime
gcavenging to the indicated mean effective pressure with no scav-
enging should be 1.195. Because the data are quite close to this
value, nearly complete clearance-volume scavenging was apparentcly
obtained in all cases with 130° valve overlap.. Thie same resutlt
might have been deduced from the charge-sir end -indlcated-mean-
effective-pressure curves of figure 4, where 1t can be seen that
the, charge-air flow increasmed about 10 percent as the values of s
Pe/Dy Oecreased beyond the point of meximum power with 130° over-

lap. Any residual gas in the combustlon chambexr shouvld have Peen
removed by this additional alr flow with & congequent incrosagse In
powsr but the power did not increase, which indicated that no
residual gds was left in-the clearance volume, that is, complete
scavenging was obtained. .

The curves of figure 4 for 130° valve overlap indicated a loss
in indicated mean effoctive pressure of about 3 percent at low
Pe/Bm values, This loss was accompanied by an increase in air
consumption of approximately 10 percent and as iong as the air flow
continued to increase the indicated mean effective pressurs decreased,
but when the meximum air flow was evenbually reached the indicated
mean effective pressure remained very nearly constant with further
decreese in pe/gm. Thus the power varlation in this reglon wazs

apparently & result of the excessive scavenging air flow, which
carried with it a greater percentage of the total heat of combus-
tion to the exhaust. This heat loss overcame the increased charge-
density effect expected to result from interpnal cooling and the net
result was a slight loss rather than a gain in indicated mean
effective pressure at very. low values of Pe/Pm-

Specific alr consumption and volumetric efficlencies. - The
indicated specific air consumption and the volumetric efficlency
are plotted against Dg/py, in figure 5. In this veport, volumetric
efficiency is defined as the ratio of the volume ‘of ailr inducted -
into the cylinder, determined from measurements of pressure and
temperature at the inlet surge tank, to the displacement volume of
the cylinder. The air inducted ipecluded the air remaining in the
cylinder as well as that lost in the scavenging process. The
volumetric efficlency varles over a considerebly wider rangs with
130° valve overlap than with 40° valve overlap owing to both the
large -scavenging air flow and charge air wasted at low values of
Pe/Pp @nd to backflow of exhaust ges at high values of D1y /Pp.
The gﬁta at any one speed and valve overlep fell on the sams curve
regardless of change in inlet pressure. The maximum value of
volumetric efficiency incrsased with a decrease in engine speed
because of' the increased time available for scevenging air flow.
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The large lncrease in rate of ihdiceted specific air consumption
per imdicated horsepower with decreesed values of Py /p, 18 char-
acteristic of large valve overlap. The emall range of presswre *
ratios In which scavenging was obtained with no loss of fresh charge .
consigte of ~the reglon between the intersgection of the volumebric-
efficiendy curves and the intersection of the specific-alr-consummbion
ourves. This reglon ls qulte narrow especlally at an engine ppeed

of 2000 1pm showing that scavenging air was Belng wasted almost as

soon a8 1t began to flow. The smell incresse In Indicated specific
air consumption with hO° overlap as the value of pg/ decreased -

was apparently. caused by somo change In combusticn efi‘:ciemv because
no chargs alr was lost with standard valve timing.

Charge-air utilization. - The charga-air utilization is pre- )
gented in figure 6 for engine opersting condltions of 25 end. 35 inches
of’ mercury absolute at 2000 rpm and 25 inches of mercuxry absolute '
at 2500 rpm. Trom gss-semple dwta showlng the fuel-air ratio at
the time of combustion, the smount of alr actually entering into
the combustion procees wag: canputed by the equa.tion

S I T

where - ST e e
a charge air in cylinder at time of cambustion, (1b/min)

F/A fuel-air ratio at time of cambusticn as ob‘uaincd from gas-
sampling. apparabus o o L.

7 fuel flow to cvlinder, (1 fmin)

The values of actual charge air burned are ehown together with the

total charge air for both the 130° sapd 1+O° overlep velve hLimings

in figure 6. The total charge-air flow was obtained fram the. alr-

meaguring s_v,stem in tkse combustion-elir lins, a8 previously described. _ _

The utilizaiion factor is defined.as the part of the totel
charge alr utilized by the cylind.er and 1s expressed by the eq_uation

-a
To'{;e,l charge-alr flow _ . .~ | _ T

. Utilization- factor =
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The following table shows some values of the utilization factor
obtained fram the curves of, figure 6y :

Inlet |Engine ExHayst -pregsure i Charge air {Total .[Utiliza-
prossure| speed | Inyet. pressure | in- cylinder chargs~ |tionm .. . (... -,
(in. Hg | (rpm) |- P“/Eﬁ air flow| factor.. .
ebs. ) ° (1b/min) (Ibﬁmin) : -
0.9 6,32 6,50 . o 972,
.. - Rré 6.85 | " 7.70 ] -.890
5 2000 B T.05 ' 8.3o-f - ..850
- .3 7.08 855. | . .828
L1 -t T7.08 8.58 | ,Bes
0.9 - 8.75 8.80 |.0.995 .
R 7 . 9.75 . |-10.85 ~| 900"
.35 - | 2000 5 9,80~ | 11.80 .| .830 -
: . .3 9.80 ©12,10 {80 o,
1 9.80 . 12.15 | 2805 oot
0.9 - 7.60 7.607+1 1,000 ...
: T 8,40 8.90 o5
25 . .| 2500 .5 . 8.ho- 9.50 |, .88
.3 8.40 9.5, 860 ...
.1 8.40 9.80 .860. -

The .utilization factor repidly deoreased with an incresse in scav-
enging because at the lower values of p, / a considerable amount
of the increase in alr flow was wasted in e scavengling process.
For example, at an engine speed of 2000 rpm, an inlet pressure of
35; inches of mercury absolute and & value of P, /p of 0. 5, the
charge alr trapped in the clearance volume with. 1300 valve overlap
was increased aprroximately 0.70 pound per minute.over that trapped
with 40° valve overlap whereas the increase in total charge air
supplied was approximately 2.70 pounds per mimute. The difference
. in these quantities decrsased with increased exhaust pressure and _
at a value of pg /n of 0.70 only BO percent of the increased
charge~air ilow vith 150 overlap wes wasbed. in séavenging the
clearance volume. Even hefore complete scavenging was obbtalned, &
considerable amount of air wes lost during the 130° overlap period.
Because complete removal of residual gases from the clearance ° .
volume has been obtained on a four-valve cylinder with small 4if-.
ferences between inlet and exhaunst pressures (reference B}, there
is a posaibility that, up to the .point of complete scavenging,
less alr will be- wasted in the scavenging process on & four~valve
engine than on a two-valve engine. : :
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It 1s evident from the preceding table that a smaller percent-
age of canrge air was wasted at 2500 rpm than at 2000 rpm. As the
Pe/pm ratio was decreabed fram approxiMPtely 0.5, there was compara-
tively little increase in perﬂentage of scaxenging air waste& at
elther speed. The utilization factor was aspproximately the sams ab
2000 rpm For inlet pressures of both 25 and 35 inches of mereury, .
which indicated that at a constent speed, the utilization factor .
was dependent only on variations in the value of Po/Py, Within
the range of pressures investigated.

Effoct: of increased valve overlap on cylinder temperetures. -
The effect of increased valve overlap on the cooling of the cylinder
wags Qetermined by comparing the temperatures of the exheust-valve
guide and. séat for 130° valve overlap with thoee Ffor 40° valve over-
lap as the exhaust-inlet pressure ratlo wvas varied over a wide range
et constint inlet-manifold pressure, engine speed, and rear-spark-
plug-gasket tempesrature. A reduction of =3 much as 50° I in the
exhsngt-valve-guide htemperature was obtained with the 130° overlap
but no significent change wag observed in the exhaust-velve-seat
temperature. The increzsed charge air burned with the 130° overlap
tended tc increase these temperstnres, vwhereas the presence of the
scavenging alr had a cooling effect. Becsause the exhaust-valve-
gulde temperature normally ran much hotter than the exhauat-valve
seat,  the scavenging air was more effective in cooling the exhauwst-
valve guide thon the velve seat, The scavenging air was therefors
effectlve in reduoing the bottest temperature snd at the same time
permitted no.-increase in the valve-seat temperature désplte the
increased power output of -the cylindex, -

SUMMARY. OF RESULTS . . . .

Froam an inﬁastigétion of the effects of valve-overlap_séaveng~-
Ing on ths porformance of an alrcraft cylinder, the following
results were obtalned:

1, With 130° valve overlap, nearly complete clearance-volums
gcavenging -was obtained with s congequent power increase 'of approxil-
mately 20 pérdent as compared with that obtained with h0° qverlap
at an oxhihust-pressure ~to-inlet pressure ratio of 1.0,

é. Soavenging without losa of fraeh charge was limited td'a'
narrow range of exhaugst-pressure~to-inlet-pressure ratios, especially
at the lower engine mpeeds.

3. In ordsr to obtain complete scévehgxng an the two—val#e
cylinder, approximately 50 percent of the increaaed.oharge air was
wagted. in the scavenging process.
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4, Although a power increase wes obtained by using 130° over=-
lap, the cooling efrfect of the scavenging air was sufficient to
hold the exhaust-valve-seat temperature constent and to reduce the
exhavat-valve-guide temperature by as much ag 50° F.

Flight Propulsion Ressarch Laboratory,
Netlonal Advisory Committee for Aeronautics,
Clevelend, Ohio, August 8, 1947.
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Figure 3. - Accuracy of exhaust-gas sampling valve and percentage change
in power output with fuel-air ratio. Valve overiap, 40°; inlet-
manifold pressure, 35 inches mercury absolute; exhaust pressure, 35
inches mercury absolute; engine speed, 2000 rpm; combustion-alr tem-
perature, 200° F.
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Figure 5. - Vvariation of volumetric efficiency and indicated specific
alr consumption with ratio of exhaust absolute pressure to inlet ab-
solute pressure.
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Figure 5. -~ Continued. Variation of volumetric efficienéy and indicatéd
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